Abstract
Introduction
Low cardiorespiratory fitness may be a risk factor for cognitive decline [1, 2] . Thus, we examined the impact of physical fitness on cognitive performance in participants of a project for the prevention and early recognition of Alzheimer's dementia (AD).
Physical fitness is a set of attributes that are either health-or skill-related. In contrast to physical fitness, physical activity is defined as bodily movement produced by skeletal muscles resulting in energy expenditure and physical exercise as purposive physical activity in order to improve or maintain physical fitness [3] . Two components of physical fitness can be distinguished: (1) "cardiorespiratory fitness" (CRF), mainly reflecting the level of metabolic and energetic processes; and (2) "motor fitness" (MF), mainly reflecting the level of perceptive and coordinative skills. Both, CRF and MF have been shown to be differentially related to cognitive performance [4, 5] ; however, the literature on CRF is clearly prevailing.
The gold standard for the measurement of CRF is the maximum oxygen uptake when performing physical activity [6] . In epidemiologic studies, endurance tests are usually applied instead [7] . In older adults, CRF is positively related to cognitive function and may reduce the risk of developing dementia [8] . A low CRF has been found to be correlated with hippocampal volume loss [9] , with cognitive impairment [10] [11] [12] , and to predict cognitive decline [13, 14] .
In order to assess the impact of physical fitness on cognitive performance in older adults, we examined CRF and MF in the participants of a project for the prevention and early recognition of AD and related the findings to cognitive performance and the self-perception of cognitive impairment. As an early sign of incipient AD, we assessed self-perceived cognitive blackouts by means of a recently developed rating instrument, the Checklist for Cognitive Blackouts (CCB) [15] .
Methods
This retrospective analysis was carried out in data collected at a project for the prevention and early recognition of AD at Mannheim. Within this project (Kogifit ® Plus), which is conducted since 2015, cognitive performance, subjective memory impairment (SMI), selfperceived cognitive blackouts, and various risk factors for the development of AD are assessed.
Demographic data, medication, and medical history with particular reference to head trauma, diabetes mellitus, arterial hypertension, and hypercholesterolemia were taken in a standardized manner.
Assessment of cognitive performance and assignment to the diagnostic groups of "no cognitive impairment" (NCI), "mild cognitive impairment of the amnestic type" (MCIa), and "mild AD" (mAD) were performed by means of the Structured Interview for the Diagnosis of dementia of the Alzheimer type, Multi-infarct dementia and dementias of other etiology according to ICD-10 and DSM-III-R (SIDAM) [16] . The neuropsychological test battery of the SIDAM includes the Mini-Mental State Examination (MMSE) [17] . If appropriate, further clinical, laboratory, or imaging investigations were initiated. Depressive symptoms were examined by means of the German version of the Beck Depression Inventory (BDI-II) [18] .
The presence of SMI was analyzed by asking the patients: (1) Do you feel like your memory is becoming worse? (2) If so, does it worry you? (3) Do you think that your memory is poorer than that of other persons of your age? Self-perceived cognitive blackouts were assessed by means of the CCB [15] .
The physical examination included the assessment of body mass index (BMI) and waist circumference. Physical fitness was assessed by means of two subtests of the Senior Fitness Test [19, 20] : (1) The
Step Test (ST), which mainly reflects cardiovascular fitness. The partic-ipants were asked to repeatedly raise each knee to a point midway between patella and iliac crest as frequently as possible for 2 min. The number of full steps (not just right steps, as in the original instruction for the test) completed was recorded; and (2) The Chair Stand Test (CST), which mainly reflects MF. The participants were asked to repeatedly stand up from and sit down on a chair for 30 s as fast as possible. The number of stands was recorded. Cutoffs for low physical fitness measured by means of ST and CST had been determined previously in a large group of 50-to 85-year-old subjects as 25-percent rank values.
Demographic variables, medical history, body size, and physical fitness for the participant groups with NCI, MCIa, and mAD were compared by means of one-way ANOVAs for the continuous variables and by means of χ 2 tests for the categorical variables. The relationships of physical fitness to cognitive performance and cognitive blackouts were examined by means of Pearson's partial correlation coefficients (corrected for age). In order to control for the effects of age and physical morbidity, cognitive performance and self-perceived memory impairment were compared in the 50-to 60-year-old nondemented participants for the ones with impaired and unimpaired CRF and MF by means of one-way ANOVAs and χ 2 tests.
Results
In the period between April 2015 and March 2018 Kogifit ® Plus assessments were carried out in 436 participants. In 48 of them, comorbidities relevant for cognitive performance were found, most frequently depressive disorders with a BDI score of more than 20 (n = 14), cerebrovascular disorders (n = 13), and harmful alcohol consumption of more than 40 g per day for men and more than 20 g per day for women (n = 10). These participants were excluded from the subsequent analyses.
In the remaining 388 participants, diagnoses on cognitive status were made based on subjective complaints, neuropsychological testing, as well as medical history from third party, laboratory examinations, and cerebral imaging (in subjects with possible AD). We found 195 participants (50.3%) with NCI, 129 participants (33.2%) with MCIa, and 64 participants (16.5%) with mAD. Physical fitness could not be assessed in 64 participants (16.5%) for the ST and in 35 participants (9.0%) for the CST, most frequently because of orthopedic hip or knee problems. Demographic and clinical data of the study groups are given in Table 1 .
Compared to the participants with NCI, participants with MCIa und mAD were older, had less years of education, and were less frequently female. The latter difference may be a selection artifact, as women tend to use preventive examinations more frequently than men and thus may prevail most strongly in the group without objective impairment.
A history of diabetes mellitus and arterial hypertension was more frequent in the MCIa and mAD participants. There were no differences in BMI and waist circumference between the study groups. However, CRF and MF were reduced in participants with MCIa and mAD.
Examining the relationships of physical fitness to cognitive performance and cognitive blackouts by calculating Pearson's partial correlation coefficients (corrected for age), we found significant negative correlations between the CCB score and ST (r = -0.172; p = 0.025) as well as CST (r = -0.167; p = 0.030). Examining these relationships in detail, we found that appropriate cutoffs for both types of fitness clearly separated participants with and without increased scores for cognitive blackouts. For the CST, these cutoffs were "less or equal 15" versus "more than 15" stand-ups, for the ST "less or equal 100" versus "more than 100" steps. The respective values of the CCB score for the CST categories were 6.1 ± 2.6 versus 5.1 ± 1.8 (T = 3.134; p = 0.002) and for the ST categories, they were 6.0 ± 2.4 versus 5.2 ± 2.0 (T = 2.554; p = 0.012).
In order to rule out age-associated morbidity and frailty as a common cause for both physical and cognitive impairment, we studied the relationship of physical fitness to cognitive performance, subjective cognitive impairment, and cognitive blackouts in the 50-to 60-year-old participants who were not suffering from AD. This group is made up of 135 participants, in 128 (94.8%) of whom the CST and in 125 (92.6%) the ST could be performed. We examined, whether there were differences in cognitive performance, SMI, and cognitive blackouts for participants below and above the cutoffs for both tests. The relationships of CRF (ST) and MF (CST) to cognitive performance, SMI, and cognitive blackouts are given in Table 2 .
CRF was higher in female participants and those without a history of arterial hypertension. The participants with higher CRF had a higher score in orientation and a higher MMSE score. They also had less frequently cognitive blackouts and were more rarely concerned about having a poor memory. MF was not related to age, years of education, sex, or medical history, but the participants with a higher MF had a lower BMI and a lower waist circumference. With respect to cognitive performance, the participants with a higher MF had higher scores in orientation, speech, and praxis as well as higher cortical functions. They also had less frequently cognitive blackouts and were complaining more rarely about SMI.
Discussion
Our findings on the relationship between CRF and cognitive performance in older adults are in good agreement with the frequently reported positive correlation between CRF and cognitive performance [10] [11] [12] . It also has been shown in longitudinal studies that a good CRF predicts a good preservation of cognitive performance [13, 14] . The findings on the positive correlations of MF with cognition are in line with the findings of Voelcker-Rehage et al. [4, 5] .
When comparing the relationships of CRF (as assessed by the ST) and MF (as assessed by the CST) to cognition, it appears that CRF is related tighter to physical health, indicated by a higher percentage of women and a lower prevalence of arterial hypertension in the participants with good CRF. Participants with good CRF had a higher orientation score, a higher Data on demography, medical history, and physical examination are given for the study groups of subjects with NCI, with MCIa, and with mAD. Cardiorespiratory fitness was assessed by means of the ST and motor fitness by means of the CST. Significances of group differences were calculated by one-way ANOVAs for the continuous variables and by χ 2 tests for the dichotomous categorical variables (sex and medical history). NCI, no cognitive impairment; MCIa, mild cognitive impairment of the amnestic type; mAD, mild Alzheimer's dementia; ST, Step Test; CST, Chair Stand Test. The differences in demographic variables, medical history, body size, cognitive performance, and self-perceived cognitive impairment for subjects with low and high cardiorespiratory fitness (ST ≤100 vs. ST >100) and for subjects with low and high motor fitness (CST ≤15 vs. CST >15) were calculated by unpaired Student's t tests for the continuous variables and by χ 2 tests for the dichotomous categorical variables. Under "cognitive performance" the values for the SIDAM syndromes are given. ST, Step Test; CST, Chair Stand Test; BMI, body mass index; intellectual cap., intellectual capabilities; verbal/calc. cap., verbal and calculation capabilities; visuospatial cap., visuospatial capabilities; higher cort. funct., higher cortical functions; MMSE, Mini-Mental State Examination; CCB, Checklist for Cognitive Blackouts; SMI, subjective memory impairment.
MMSE global score, reported less frequently cognitive blackouts and were less frequently concerned about their memory. In contrast, MF had no significant relationships to physical health, but participants with a good MF had a lower BMI and a smaller waist circumference. With respect to objective and subjective cognitive impairment, a good MF was related to less impairment in orientation, speech, practical capabilities, and higher cortical functions. Participants with a good MF reported less frequently cognitive blackouts and memory impairment. It appears as if MF is a more subtle dimension compared to CRF, with a weaker correlation with physical health and a stronger correlation with physical and mental agility.
Various mechanisms may account for the correlations between physical fitness and cognitive performance in older adults. CRF has been found to be positively correlated with cerebral white matter integrity [21, 22] and with gray matter volume in the prefrontal cortex and the hippocampus [23] . These correlations may be mediated by metabolic mechanisms [24] .
Functional MRI studies show that the default mode network is sensitive to age-related decline and tightly related to CRF [25] . Functional connectivity within the default mode network, which is also reflected by resting EEG coherence is correlated with cognitive performance [26] . It has also been shown that high CRF reduces the effects of beta-amyloid depositions on learning and memory [27] and attenuates the adverse influence of genetic vulnerability on CSF biomarkers [28] .
There are two major limitations of this study. The first limitation is the cross-sectional design in an unselected population of users of a memory prevention program. This design may produce selection artifacts, e.g. probably the larger proportion of women compared to men in the less impaired participant groups. The second limitation results from the comparatively unelaborated assessments for cognition as well as for physical fitness, as they are applied in a memory clinic's routine setting. It must be assumed that ST and CST do not clearly differentiate between CRF and MF as both tasks require a certain minimum of cardiorespiratory and motor capabilities. On the other hand, it may be reasonable to assume that impaired CRF is the major limiting factor for the ST as is impaired MF for the CST.
We could ascertain the correlation between poor physical fitness and impaired cognitive performance applying comparatively simple methods in a routine memory clinic setting and in 50-to 60-year-old nondemented subjects without marked physical morbidity. These findings support the potential usefulness of physical exercise for dementia prevention.
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